ABSTRACT
INTRODUCTION
Polymorphic genetic markers as microsatellites are currently used in the construction of high-resolution genetic maps. Polymorphism analysis can be achieved either using (i) a radioactive element such as 32 P followed by autoradiography or (ii)nonradioactive polymerase chain reaction (PCR) protocols, including fluorescent molecule uptake with subsequent analysis with an automated DNA sequencer.
Two processes are currently used. In the first strategy, one of the two PCR primers is labeled through different approaches, including: (i) 5 ′ -end labeling by [ γ -32 P]ATP and T4 polynucleotide kinase (16) ; (ii)tagging with a cold reagent such as peroxydase, fluorescein or alkaline phosphatase (3, 15) ; and (iii) 5 ′ -end labeling with a fluorescent dye (1, 7, 8, 13, 18) . This method, coupled with automated fragment analysis, has
DNA Sample Primer
Ren68H12 (CA) 12 upper primer: ATGAACCAGTATCCAATG (shown in Figure 1) lower primer: CAACCTCAGAAGAAACCA Ren56C20 (CA) 15 upper primer: TAAAGTGGGCCTCCTGATA (shown in Figure 2) lower primer: GAGTACTCCCTTCCCAACC Table 1 proved powerful in disequilibrium mapping applications (12) or genome mapping (13) or other microsatellite analysis (10) . However, this strategy requires labeling a large number of specific primers, thus rendering it cumbersome and costly. A second, more easily amenable strategy, consists of incorporating fluorescent dNTPs (dUTP or dCTP) during the PCR process itself (5, 6, 9, 14) . However, in this approach, both strands are labeled, and the analysis of the results becomes difficult. This is especially true in the case of dinucleotide microsatellites, because slippage and addition of an extra "A" by TaqDNA polymerase favor the appearance of several bands per allele (2) .
Currently, to our knowledge, the most widely used technique for PCR product labeling uses a fluorescent label on one of the two PCR primers and is generally used in linkage analysis, genotyping and mapping projects (1, 3, 13, 15) . Although it is compatible with clear interpretation of the data, this technique remains expensive. This paper describes an alternative fluorescent labeling technique, where the PCR product is labeled by incorporating fluorescent dUTP or dCTP during a two-step amplification reaction. A first PCR, using two cold primers, exponentially amplifies the target sequence. The product is then used as a template in a second, strictly asymmetric PCR performed in the presence of only one of the two primers and fluorescent dNTP. Although, this reaction corresponds to a linear amplification leading to synthesis of one labeled strand only. The product can directly be loaded on a denaturing polyacrylamide gel and run in an automated DNA sequencer for product-size analysis by means of a specific software such as GENESCAN™. This approach is well suited for mapping and genotyping experiments that require analysis of a large number of polymorphic markers.
MATERIALS AND METHODS

DNA Samples and Primers
Genomic DNA was extracted from mongrel dog peripheric blood samples.
The studied microsatellite loci, shown in Figures 1 and 2 , are described in Table 1 . The PCR product (0.5 µ L) was added with 1 µ L of loading buffer (98% formamide, 0.1% bromophenol blue, 0.1% xylene cyanol and 10 mM EDTA) and loaded on a 5% acrylamide gel along with a M13 phage vector sequence as a size control.
P Labeling of Primers
Direct Incorporation of Fluorescent dNTPs (dUTP or dCTP)
PCR was performed in a final volume of 15 µ L with 50 ng of dog genomic DNA, 200 µ M dNTP, 2 mM MgCl 2 , 1.5 pmol of each primer, 0.5 U of AmpliTaq DNA Polymerase and 0.5 mM (F)dNTP (R110 or R6G) (PE Biosystems). Amplification was carried out by using the "touch-down" program described above.
PCR product (1.5 µ L) was mixed to 2.5 µ L of deionized formamide, 0.5 µ L of dextran blue and 0.5 µ L of the size standard red dye GS500 ROX (PE Biosystems). After a denaturation of 3 min at 94°C, samples were loaded onto a 5% denaturing polyacrylamide gel and run for 5 h at 30 W on an ABI PRISM ® 373A Automated DNA Sequencer (PE Biosystems). Analysis was performed by using the GENESCAN 672 Analysis Software (PE Biosystems), which automatically determines the fluorescence signal and expresses it as peak height and area.
Two-Step Fluorescent dNTP Labeling Procedure (dUTP or dCTP)
A first PCR was performed as described above, omitting addition of (F)dNTP. The second amplification was carried out using 1:20 of the first PCR product in the same conditions except for the primers: 1.5 pmol of one of the two primers (the upper primer in this study) and the addition of 0.5 µ M of (F)dNTP (R110 or R6G). The PCR program consisted of 2 min at 94°C and 25 cycles of 30 s at 94°C, 30 s at 49°C and 20 s at 72°C.
The final extension step at 72°C was omitted to limit addition of an extra "A" by TaqDNA polymerase.
PCR product (1.5 µ L) was loaded onto a polyacrylamide gel in the previously described conditions.
RESULTS AND DISCUSSION
In the course of the establishment of a dog genome map requiring polymorphism analysis of hundreds of microsatellites (11), we chose, for economical reasons and for compatibility with our facility, to label the PCR products by direct incorporation of (F) -dNTPs (dUTP or dCTP) during PCR instead of using fluorescent primers.
To set up this method, the polymorphism of a set of 70 di-, tri-and tetranucleotide microsatellites of the dog genome was analyzed. Markers were selected such that the size of the PCR products range from 100-300 bp. PCR amplifications were performed in parallel as follows: (i)with a [ γ -32 P]ATP phosphorylated primer; (ii) by incorporating fluorescent dNTP on both strands during a standard unique PCR; and (iii) by incorporating fluorescent dNTP on one strand only, with a two-step PCR. Figure 1 shows an example of the analysis of a dinucleotide microsatellite (Ren68H12) on two dog DNA samples by all three methods. In the case of the 32 P labeling, polymorphisms were analyzed by autoradiography of polyacrylamide gels. As shown in Figure 1a , spurious bands of minor intensity were observed in addition to two bands corresponding to the two alleles, which could confuse the discrimination between homozygous and heterozygous samples.
When this microsatellite was analyzed with the direct (F)dNTP incorporation method (Figure 1b) , several minor peaks were also observed in addition to both main products. In this case, both strands are labeled, which does not generally impede the distinction of a heterozygous pattern. However, the presence of numerous peaks may make interpretation of the results difficult and sometimes impossible or erroneous. Figure 2a shows a homozygous sample where two peaks of 248 and 252 bp were observed, thus mimicking a heterozygous allele pattern. They were due to a difference in mobility, probably depending upon a difference in base composition of the two strands, and it blurred the distinction between homozygous and heterozygous samples. To circumvent this problem, post-labeling of PCR products with (F)dNTPs by DNA polymerase I (Klenow fragment) has been suggested (4). Asymmetric PCRs performed with different primer ratios have also been attempted (17) , but the problem of additional spurious bands still remained to some extent.
We have developed a fluorescent labeling method based on two-step PCR in which the second PCR, totally asymmetric corresponding to a linear amplification, incorporates (F)dNTP on only one strand of the PCR product. As shown in Figures 1c and 2b , only one main peak per allele is observed, allowing easier distinction between one or two alleles, in particular when the two alleles of a marker are close in size.
This technique gives results analogous to those obtained with the labeledprimer methods in terms of band number, relative staining intensity and allele size (Figures 2, a and c) .
Out of the set of 70 microsatellites, comprising di-, tri-and tetranucleotide markers analyzed by all three methods, major problems were encountered with dinucleotides. In fact, the direct (F) -dNTP incorporation labeling resulted in an uninterpretable pattern in half of the cases. When the two-step fluorescent labeling method was used ( Figures  1c and 2b) , in 80% of the cases, it allowed a reliable interpretation of the results with one sharp peak per allele. With two-step incorporation, the same microsatellite in the same sample displays only one peak at 252 bp, indicating homozygosity.
INTRODUCTION
Amplification fragment-length polymorphism (AFLP) genetic markers (9) have proven valuable in many diverse organisms for genetic mapping, DNA fingerprinting, map-based cloning of genes and definition of natural population structure. These genetic markers are generated by selective polymerase chain reaction (PCR) amplification of restriction enzyme digests of genomic DNAs. The selective PCR reduces the complexity of the restriction fragment population to less than 100 fragments, which can be labeled and easily resolved on a standard polyacrylamide
